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SUMMARY

-

yallk3 ™/
An investigation was made in the Langley Unitary Plan wind tunnel
to determine the drag and the static longitudinal and lateral stability
characteristics of a 0.067-scale model of the X-15 airplane (configura—
tion 3). The investigation was made at Mach numbers of 2.29, 2.98, and
4.65. The effect of Reynolds number is shown by results taken at
Reynolds numbers of about 0.5 x 109, 1.85 x 100, 2.28 x 106, 3.2k x 106,

4.0 x 10°, and 4.43 x 106,

An earlier configuration of this model was investigated in the
Langley Unitary Plan wind tunnel in the same range of Mach numbers wit

results given in NASA Memorandum 4-27-59L. //égzﬁ;7f/ 16

INTRODUCTION

The development of the X-15 research airplane is a coordinated
effort between the United States Air Force, the United States Navy, and
the National Aeronautics and Space Administration. As part of the
development program, the present investigation was made to determine the

aerodynamic characteristics of a 0.067-scale model of the X-15 airplane
configuration (configuration 3) in the Langley Unitary Plan wind tunnel.
A model of an earlier configuration of this model has also been investi-
gated in the Langley Unitary Plan wind tunnel and the results of that

investigation are presented in reference 1.

*Title, Unclassified.

J




I S I SIS I B A \
2 —GCONFIDENTIAT

The present configuration differed from the earlier configuration
in the distribution of vertical stabilizing surface area, a change in
airfoil section of the vertical surfaces, speed-brake area, and the v
location of the vertical-control-surface hinge line. In addition, the
fuselage nose and side fairing were modified from the configuration of
reference 1 by decreasing the nose fineness ratio and reducing the
length of the fuselage side fairings. The canopy was modified by
changing its shape and its location with respect to the nose of the
fuselage.

In addition to results obtained in the previous investigation in
the Langley Unitary Plan wind tunnel, results obtained at subsonic speeds
are presented in reference 2. The results of the present investigation
are presented herein without analysis and are supplemented with summaries
of the aerodynamic parameters.

W e

SYMBOLS

The longitudinal stability characteristics of the model are
referred to the stability system of axes, and the lateral stability
characteristics of the model are referred to the body system of axes.
The systems of axes used and the positive directions of the forces,
moments, and angles are shown in figure 1. The moments of the model are
presented about a point located at the 0.16-chord point of the mean
aerodynamic chord and on the fuselage reference line (chord plane of the
wing mean aerodynamic chord). The symbols used in this paper are defined »
as follows:

b span, in. .
c chord, in.

c mean aerodynamic chord, in.

CH mean aerodynamic chord of horizontal tail, in.

Cy mean aerodynamic chord of vertical tail, in.

Cp drag coefficient, Drag/qS

CD,b base drag coefficient, Base drag/qS _
Cy, lift coefficient, Lift/qS )

CONPSRIETIr
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Pitching moment
gSc

pitching-moment coefficient,

Rolling moment
gSb

rolling-moment coefficient,

Yawing moment
gSb

yawing-moment coefficient,

Side force

side-force coefficient, =

lift-curve slope (a = 09), 'aCL/Ba
pitching-moment-curve slope (C;, at a =~ 0°), BCm/BCL

clabilizer effectiveness parameter (i =~ 0°), BCm/Bit

effective dihedral parameter (B = 0°), 3C;/d8
directional stability parameter (B = 0°), acn/as

side-force parameter (p =~ 0°), BCy/éB

roll-control effectiveness parameter (by = 0°), BC%/ésr

rolling-moment parameter due to yaw-control deflection
(5v ~ 0°), 3C;[a,

yawing-moment parameter due to roll-control deflection
(8r ~ 0°), acn/asr

yaw-control effectiveness parameter (dy = 0°), 0OCp/dd,

minimum drag coefficient

Cp - Cp min

drag-due-to-1ift factor, 5

Cy,

CONNEI
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(L/D)max maximum lift-drag ratio B
M free-stream Mach number f
a free-stream dynamic pressure, lb/sq ft
R Reynolds number
S wing area (includes body intercept), sq ft
X,Y,Z longitudinal, lateral, and vertical body axes, respectively 2 |
Xg,Y¥5,25 longitudinal, lateral, and vertical stability axes, 5 |
respectively 1
ol angle of attack referred to fuselage reference line, deg
B angle of sideslip referred to model plane of symmetry, deg
o} deflection of control surface, deg
Sy yaw-control angle, positive as shown in figure 1(c) and
movable for that portion of tail panel as shown in figure 5,
deg
Br roll-control angle, positive when trailing edge of BHR is
down with respect to trailing edge of BHL’ BHR - SHL, deg ‘
1g pitch-control angle, positive as shown in figure 1(c), ‘.
SHR + SHL
— %8
Og speed-brake deflection, deg
Subscripts:
H horizontal tail
L left
R right
0 value taken at zero 1lift coefficient .
\) vertical tail
min minimum
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Configuration component designations:

W wing

F fuselage

H horizontal tail

v vertical tail

v ventral fin

S speed brakes open 35° with respect to closed position

APPARATUS AND MODELS

The tests were conducted in the high Mach number test section of
the Langley Unitary Plan wind tunnel. This tumel is a variable-
pressure, continuous, return-flow type. The test section is 4 feet
square and approximately 7 feet in length. The nozzle leading to the
test section is of the asymmetric sliding-block type. Mach numbers may
be varied continuously through a Mach number range from approximately
2.29 to 4.65 without tunnel shutdown.

Photographs of the model are presented in figure 2. Details of
the test model and model components are shown in figures 3, 4, and 5.
Geometric characteristics are given in table I.

The basic model has a wing with 25.6° sweepback of the quarter
chord, an aspect ratio of 2.5, a taper ratio of 0.20, 0° dihedral, and
a modified NACA 66-005 airfoil section. Trim in roll, sideslip, and
pitch is obtained by deflection of the all-moving stabilizing surfaces
(horizontal tail, vertical tail, and ventral fin). The vertical tail
and ventral fin consisted of a fixed stub with an all-movable tip
forming an unbroken vertical-tail and ventral-fin plan form. The hori-
zontal tail, shown in figure 4, has a 45° sweepback of the quarter
chord, a panel aspect ratio of 2.83%3, a taper ratio of 0.21, a dihedral
of -15.0°, and a modified NACA 66-005 airfoil section. The vertical
tail shown in figure 5(a) has a sweepback of 23.40 at the quarter chord,
a panel aspect ratio of 0.516, a taper ratio of 0.741, and a full wedge
of 10.0° as an airfoil section. The ventral fin, shown in figure S(b),
has a sweepback of 23.4° at the gquarter chord, a panel aspect ratio of
0.429, a taper ratio of 0.783, and a full wedge of 10.0° as an airfoil
section.
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The speed brakes shown in figure 5 are formed by wedges which simu-
late hinged panels of the rear wedge surfaces of both the vertical-tail
and ventral-fin surfaces. The speed brake extended vertically the com-
plete width of the fixed stub of the vertical tail and horizontally from
the speed-brake hinge line to the trailing edges of the tail surfaces.
The speed brakes open 35° relative to their closed position.

Forces and moments for the complete model were measured by means
-of a six-component, electrical strain-gage balance. This balance was
attached, by means of a sting, to the tunnel central support system.

An additional component of the model system was a remotely operated
adjustable coupling with which tests can be performed at variable side-
slip angles concurrently with variable angles of attack. This coupling
was placed between the model sting and the tunnel central support system.

Vertical tail, ventral fin, and both horizontal-tail panels were
independently and remotely actuated. Position indication of the control-
surface angles on all surfaces was accomplished by a differential trans-
former attached to the control-surface linkage.

TESTS

Tests were made through an angle-of-attack range from approximately
-10° to 20° at angles of sideslip of about O° and +6°. Tests were also
made through an angle-of-sideslip range from approximately -6° to 10° at
angles of attack of about 0°, 8%, and 16°. All basic model tests were
made with a stabilizer deflection of 0°.

The test conditions of Mach number, stagnation and dynamic pressure,
and Reynolds number are listed in the following table:

Stagnation Dynamic Reynolds
M , pressure, pressure, number
1b/sq in. abs 1b/sq ft
3.92 168 0.51 x 106
2.29 14 .42 619 1.87
25.00 1,074 3,24
5.58 140 0.50 x 100
2.98 20.69 520 1.87
45.03 1,131 4.06
" 61.51 %85 2.28 x 100
+.05 119.38 W7 I 43

L
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The Reynolds numbers are based on the mean aerodynamic chord of the
wing. The dewpoint temperature for all tests was maintained below -3Q° F
to prevent adverse condensation effects. The stagnation temperature was
maintained at 150° F for all Mach numbers except 4.65 where it was 175° F.

CORRECTIONS AND ACCURACY

The calibration of the flow has shown that there is a small upflow
in the test section. The results presented herein have been corrected
for this flow misalinement. The maximum deviation of local Mach number
in the portion of the tunnel occupied by the model was 10.015 from the
average values listed in the preceding section.

The angles of attack and sideslip of the model have been corrected
for the deflection of the model sting and balance under load. The
control-surface angles were maintained at the desired deflections during
the test by monitoring the calibrated control-surface position indicators.
Pretest calibration of the control-surface systems, however, revealed a
certain amount of mechanical slop. The slop leads to the angular uncer-
tainty of the control-surface deflections which are the values quoted in
the table of accuracy presented at the end of this section.

Pressure measurements were made at the base of the fuselage over the
angle-of-attack range and Mach number range investigated. The base pres-
sure has been used to adjust the level of drag coefficients presented
herein to a condition of free-stream static pressure at the base of the
fuselage. The base drag coefficients used to make the adjustments are
shown in figure 6.

The estimated accuracy of the force and moment coefficients and
angles based on calibration and repeatability of the data is as follows:

N s W o 7='0
CD v v e e e e e e e e e e e e e e e e e .. 40.0020
S s Wo o 1o
3 /o W 0 0
O T R < I 016 053
CY v v v e e e e e e e e .. ... 1010015
Lo, deg e e e e e e e e ... ... t0.100
Bydeg « . . . . o o e e e e e e e e e e e e e . .. t0.100
BHL and OHgrr» 988 - . - . . . . . L. L. .. ... .. .. .. t0.100
5., deg .. ' e e e e e e e e ... t0.100

1The values quoted for accuracy of « include the effect of test-
section flow angularity.



PRESENTATION OF RESULTS

The results of an investigation of the aerodynamic characteristics
of an 0.067-scale model of the X-15 airplane (configuration 3) are pre-

sented in figures that are organized as follows:

Schlieren photographs of model

Longitudinal stability characteristics:
Effect of various model components . . .
Effect of Reynolds number . . . . .. .
Effect of variocus pitch-control deflections of
horizontal-tail panels .
Effect of various roll-control deflectlons

Surmary of longitudinal stability characteristics

Lateral stability characteristics:
Effect of various model components . . .
Effect of Reynolds number . . . ..
Fffect of various deflections of Vertlcal tall
Effect of various roll-control deflections of
horizontal-tail panels . . . . . . . .
Effect of angles of sideslip on various configuratlons

Summary of lateral stability characteristics:
Effect, of various model components . . .
Effect of Reynolds number . . . . . . .

Summary of effectiveness of lateral and directional
control devices:
Effect of horizontal-tail deflections

cn C and C e e e e e e e
15r nar
Effect of vertical-tall deflection
Effcct of speed brakes . . . . . . . .

Langley Research Center,
Nautional Aeronautics and Space Administration,
Langley Field, Va., May 4, 1959.
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TARLY T.- GEOMETRIC CHARA
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(c) Control-surface deflections.

Figure 1.- Concluded.



Lt3Jz 41

‘ouerdare ¢T-¥X 9u3 JO Topow aTBos-)90°0 ® Jo sydeadojoyd -°2 a2an31Jd

0GEH=LS-T *MaTA 2DTS (3B)

\

(XX XX ]
(X XN X ]
e o o
L] L]
(X XX N ]

1L




15

psnurauo) -°

c

2anIT g




L3z 41

*panuUIIUO) ='2 SJINITJ

<

Aheh=1C-1 *mo1A dog (2)

[ XN XN ]
[ XX XX ]
e o

[ XX XN ]
[ A XN X J
(] L[]
(XXX N ]

16




3X

17

LeGh=LG-T

T6e-1

*pepNTou0) =*g aJanItd

"MOTA qUOJIJ JI93aBnb-3uQ (

P

)




18

CJYDUT UT 3B SUOTSUSUI]

L=z 1

*poq1ouU 9STMISIRO STOTUR

‘ouTdar= 4T-Y 2Us

JO Tapou 2Te0s-)50°0 28Ul JO STI®IaQ -°¢ 3314

91°€2

1871t
S G 1> -
, 61T = =~
i ,
== —
- Y10

- /V\Y\ ~12pow 3

.sjuawow jo Lm«Wv\ll//

2581




L-351

L] L e 0¢e 2 s0e® o0
* e o ® & o s o @ e o * e ¢ o
¢ o eo [ ] [ ] e o L] L ] e o9 ¢ o . o
o e o L] L] [ X J L e o © e @ ¢ o
LA ) [ X N ] e 005 o 5 oo L3d * @ ® e00 oo

e

— 3.99

Model
side fairing'ﬁ\

| 5.59 0.03

\ 1.39{7» 1.89—~

/

/ 4.84

Horizontal- | 2.96

stabilizer
hinge line'g\\\

2.04 4.88- \\\
\ Fuselage

8.18 . ‘___reference line

Figure 4.- Drawing of the horizontal stabilizer. All dimens
measured in the chord plane of the surface and are in inc

ions are
nches unless

otherwise noted.

19



. ® o oe ve ™ . . X X oo
¢ s o e 0 . ® o o o o o e o o
¢ » s @ oo o ] . e o . . oo o o
o o o o o o . X . . * o o
e oceoe o o o oe *9 o & see o» o o0
20 —CONRERPIERL],

Section A-A

8.17 —
7.16

6.05 >

/f_Vertical-tail hinge line

/]
/S
//;V _

; ,74_#_”____1-

, } e 2.67 —— | 0.%?
i
- ke
A c ~’/ ; Speed-bra A s 'sq
v Line e—" hinge line
{ 4 T __1__ 3.61
// """ ;7\\1 ‘3.04
Model fuselage
/ 4 e | 1.87
23.4°
30.0° J
_ = - N B - 1
“ 4.12 ' - Fuselage retference
n 9.24 :
line

(a) Vertical tail.

Figure H.- Drawings of vertical tail and ventral fin. Dimensions arc in
inches unless otherwise noted.
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M=2.29.

Figure 9.- Pitch characteristics of a 0.067-scale model of the X-15 air-
plane with various components of the configuration.
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Figure 11.- Piten characteristics of a 0.067-scale model of the X-15 air-
plane at various Reynolds numbers. Complete model; speed brakes
retracted; oy = 200,
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Figure 13.- Pitch characteristics of a 0.067-scale model of the X-15 air-

planc with various pitch-control deflections of the horizontal tail.
Speed brakes retracted; 8y = 0°.
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Figure 1b4.- Pitch characteristics of a 0.067-scale model of the X-15 air-

plane with various pitch-control deflections of the horizontal tail.
Speed brakes retracted; &y = 0°,
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Figure 15.- Pitch characteristics of a 0.067-scale model of the X-15 air-

plane with various pitch-control deflections of the horizontal tail.

Speed brakes retracted; d, = -7.5°.
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Figure 16.- Pitch characteristics of a 0.06T-scale model of the X-15 air-

plane with various pitch-control deflections of the horizontal tail.
Speed brakes open; &, = -7.5°,
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Figure 17.- Pitch characteristics of a 0.067-scale model of the X-15
airplane with various roll-control deflections of the left and right
panel of the horizontal tail. Speed brakes retracted; 8y = 0°.
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Figure 22.- lateral stability characteristics of a WFV configuration of
the 0.067-scale model of the X-15 airplane.
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(a) M = 2.29.

Figure 31.- lateral stabllity characteristics of a 0.067-scale model of
the X-1Y airplane with various deflections of the vertical tail.
Speed brakes retracted; dy = 0°.
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